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MIXED-BLOCKED POLYISOCY ANATES AND USES THEREOF 

The present invention is concerned with improvements to curing 
5 compositions in which curing is effected by cross-linking of polyisocyanates 
following thermal dissociation of a blocked polyisocyanate. In particular the 
invention is directed to the use of mixed blocked polyisocyanates which include 
thermally active blocking groups and 1,3-dicarbonyl blocking groups. Curable 
coating compositions based on such mixed blocked polyisocyanates have good 
10 scratch resistance and offer good intercoat adhesion, as will be explained further 
below. 

Certain such mixed blocked polyisocyanates may suffer a degree of 
incompatibility with other ingredients commonly used in curable coatings 
compositions, but this can be avoided by employing hybrid blocked polyisocyanates. 

15 In the latter, which form a particular aspect of the present invention, individual 
polyisocyanate molecules bear at least one thermally active blocking group and at 
least one 1 ,3-dicarbonyl blocking group. 

The present invention therefore relates to the use of mixed blocked 
polyisocyanates in a curable composition so as to provide scratch resistance of the 

20 cured composition and good intercoat .adhesion when a further coating layer is 
applied. 

* 

The present invention also relates to novel hybrid blocked polyisocyanates, 
methods for making them, compositions containing them and methods of depositing 
the coating compositions on a substrate, as well as to their use in curable 

25 compositions. 

Blocked polyisocyanates are commonly used in compositions which also 
contain active hydrogen containing compounds e.g. amines and alcohols. These 
compositions, for instance when deposited onto an article to be coated, may be 
hardened by heating, often referred to as stoving. During stoving the blocked 

30 polyisocyanates dissociate so that the isocyanate groups become available to react 
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with the active hydrogen containing compounds leading to crosslinking and 
hardening of the coating. 

It is known in the art to block polyisocyanates with a variety of blocking 
agents, such as phenols and also pyrazoles such as 3,5-dimethyipyrazole (DMP). 
5 The blocking agent is intended to prevent the isocyanate groups from reacting with 
compounds which contain active hydrogen atoms (e.g. hardeners or curing agents) 
unless heated. It is therefore possible to mix blocked polyisocyanates at room 
temperature with active hydrogen compounds and to handle and store the mixtures 
for a certain length of time. To effect a full cure, the mixtures are heated to a 
1 0 temperature at which the blocked polyisocyanates react with the active hydrogen 
compounds. Many types of compounds have already been disclosed as suitable 
reactive partners, including polyalcohols, polyamines, polythiols, polycarboxylic 
acids, tri- or diamides, urethanes or water. 

The use of malonate esters as blocking agents is known. It is commonly 
1 5 postulated that malonate ester blocked polyisocyanates crosslink by a 

transesterification reaction to form the final cured coatings. This is in contrast to the 
release of the reformed blocking agents that occurs on unblocking polyisocyanates 
bearing thermally active blocking groups. However, isocyanates blocked with such 
esters often show incompatibilities when mixed with polyols and such mixtures often 
20 undergo gellation at room temperature or about 23°C. This is .unfortunate as polyols 
are commonly present in compositions containing blocked polyisocyanates, usually 
as hardeners. It is thought that the incompatibility with polyols is due to some 
transesterification taking place at room temperature and causing phase separation or 
partial curing. Although mixing the blocked isocyanates with a hydroxyl functional 
25' solvent such as a monofunctional alcohol can reduce the incompatibility it cannot 

completely remove it. 

Malonic ester blocked polyisocyanates can also suffer from stability problems 
which can lead, for example, to solidification. For example, when hexamethylene 
diisocyanate isocyanurate (HDI trimer) is blocked with diethyl malonate the blocked 
30 isocyanate has a tendency to crystallise or solidify. In contrast, a stable blocked 
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isocyanate remains liquid (at 23 °C). 

Surprisingly it has been found that if a polyisocyanate is partially blocked 
with a 1,3-dicarbonyl compound such as diethyl malonate (DEM) and is also blocked 
with a thermally active blocking agent such as a pyrazole based compound, then the 
5 incompatibilities shown by polyisocyanates blocked only by a malonic ester are 
eliminated. 

An advantage of the present invention lies in the fact that such hybrid blocked 
polyisocyanates contain molecules each of which are blocked with at least one 1,3- 
dicarbonyl compound and with at least one thermally active blocking group. [Often 

10 they will also contain molecules blocked only with one of the blocking grooups and 
other molecules blocked only with another of the blocking groups.] Thus, a physical 
blend of (i) a fully DMP blocked HDI trimer with (ii) a folly diethyl malonate 
(DEM) blocked HDI trimer solidifies at 23°C, whereas the equivalent hybrid blocked 
polyisocyanate remains clear and a single phase. 

15 Blocked polyisocyanates are often used to form coating layers, for example in 

coil coatings, powder coatings and in the automotive industry, where they are . 
particularly useful in the formation of clear coatings as the final coating and are 
therefore formulated so as to give good protection against environmental agents. 

These clear coatings typically suffer from scratching during the life of the , 

20 vehicle. Scratches are aesthetically undesirable and can lead to corrosion of the 
substrate if this becomes exposed by the scratch or by gradual removal of lower 
coating layers following a scratch in the putermost layer. It is therefore an object of 

* 

the present invention to provide coatings which have a good resistance to scratching. 
Typically, in for instance automotive OEM coatings, the layers making up the 
25 coating are a primer, then a basecoat colour layer and finally the clear coating. These 
are applied in order to a substrate. 

When there is a fault in the coating or in one of the underlayers such as the 
basecoat colour layer or primer, which may occur during the initial coating procedure 
in the factory or may occur later, for example, by scratching, further coating layers 
30 are applied. This leads to the application of, for example, basecoat colour layer over 
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the existing cured clearcoat formed from the blocked polyisocyanate. Due to the 
cured nature of the clear coating, it is difficult to adhere a further coating thus 
causing further defects. This poor adhesion between the previous surface and the 
new overcoating is known in the industry as a lack of intercoat adhesion. 

5 DMP in particular has been widely used as a blocking agent in polyisocyanate 

based products such as automotive clearcoats, where its combination of stability and 
ready unblocking, resistance to yellowing on overbake and acid etch resistance have 
been much appreciated in this very demanding role. However, a greater level of 
scratch resistance would be advantageous to the automobile industry, in particular. 

10 Similarly, improved intercoat adhesion, especially where repair is likely to be 

required, is an objective in connection with pyrazole blocked polyisocyanate coating 
compositions. 

Surprisingly it has been found that if a mixed blocked polyisocyanate 
containing 1,3-dicarbonyl blocking groups and thermally active blocking groups is 
15 used to form a coating, such as a clear coating, then the scratch resistance of the 
coating is improved. In addition the intercoat adhesion of a subsequently applied 
coating, such as a basecoat colour layer, is much improved compared to the intercoat 
adhesion to, for example, a coating formed from a DMP blocked polyisocyanate. In 
fact the intercoat adhesion can be as high as for the original application of the clear 
20 coating to the basecoat colour layer. This is achieved without causing the stability 
problems associated with malonate ester blocking agents. 

Accordingly, the present invention provides the use of a mixed blocked 
polyisocyanate product in a curable composition, wherein the mixed blocked 
polyisocyanate product is obtainable by blocking one or more polyisocyanates with 
25 at least one 1,3-dicarbonyl blocking agent and at least one thermally active blocking 
agent such that the molar ratio of 1,3-dicarbonyl blocking groups to thermally active 
blocking groups in the mixed blocked polyisocyanate is in the range of from 4:1 to 
1 :99. The mixed blocked polyisocyanate may be any blocked polyisocyanate which 
has the required mixture of blocking groups. The curable composition is suitably a 
30 coating composition. The mixed blocked polyisocyanate product may be in solid or 
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liquid form (called "100% solids" in the art) depending on the nature of the 
components of the mixed blocked polyisocy anate, or in the form of a dispersion in 
water or a liquid carrier or a solution in an organic solvent or water. 

In one embodiment the mixed blocked polyisocyanate product is a hybrid 
5 blocked polyisocyanate product in which at least a proportion of the molecules are 
blocked with both a 1,3-dicarbonyl blocking group and a thermally active blocking 
group such that the molar ratio of 1,3-dicarbonyl blocking groups to thermally active 
blocking groups in the hybrid blocked polyisocyanate product is in the range of from 
4:1 to 1:99. 

1 0 The hybrid blocked polyisocyanate product has a mixed population of fully 

blocked polyisocyanate molecules. Typically, some molecules are fully blocked with 
one of the blocking agents (eg. the thermally active blocking agent) and other 
molecules are fully blocked with another blocking agent (eg. a 1,3-dicarbonyl 
blocking agent) . Generally it is preferred to use amounts of at least two blocking 

1 5 agents such that approximately 1 0 mol% or more of the polyisocyanate molecules are 
blocked by at least one 1,3-dicarbonyl blocking group and by at least one thermally 
active blocking group, preferably at least 20%, for instance at least 30%, 40%, 50%, 
60%, or 70%. 

In a further embodiment the mixed blocked polyisocyanate product is a blend 
20 comprising a polyisocyanate blocked with at least one 1 ,3-dicarbonyl blocking group 
and the same or a different polyisocyanate blocked with at least one thermally active 
blocking group wherein the molar ratio of 1 ,3-dicarbonyl blocking groups to 
thermally active blocking groups in the blocked polyisocyanate product blend is in 
the range of from 4:1 to 1:99. The mixed blocked polyisocyanate can contain more 
25 than one polyisocyanate blocked with either type of blocking group. 

In another embodiment the mixed blocked polyisocyanate product- is a blend 
of two or more blocked polyisocyanates, one or more of which is a hybrid blocked 
polyisocyanate, wherein the blend has a molar ratio of 1,3-dicarbonyl blocking 
groups to thermally active blocking groups in the range of from 4:1 to 1:99. The 
3 0 hybrid blocked polyisocyanates may each independently have a molar ratio of 
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blocking groups falling outside this range as long as the blend has a molar ratio of 
1,3-dicarbonyl blocking groups to thennally active blocking groups of from 4:1 to 

1:99. 

In a particular embodiment the mixed blocked polyisocyanate product is a 
5 blend comprising (a) a hybrid blocked polyisocyanate and at least one of (b) a 
polyisocyanate blocked with at least one 1,3-dicarbonyl blocking group and (c) a 
polyisocyanate blocked with at least one thennally active blocking group wherein the 
molar ratio of 1 ,3-dicarbonyl blocking groups to thermally active blocking groups in 
the blend is in the range of from 4: 1 to 1 :99. The hybrid blocked polyisocyanate 
10 optionally has a molar ratio of 1,3-dicarbonyl blocking groups to thermally active 
blocking groups in the range of from 4:1 to 1 :99. However, hybrid blocked 
polyisocyanates with a molar ratio of 1,3-dicarbonyl blocking groups to thermally 
active blocking groups outside the range of 4: 1 to 1 :99 can be used as long as the 
mixed blocked polyisocyanate product has a molar ratio of 1,3-dicarbonyl blocking 
15 groups to thermally active blocking groups in the range of from 4 : 1 to 1 :99 . 

The polyisocyanate may be any organic polyisocyanate suitable for 

■ • 

crosslinking compounds containing active hydrogen e.g. aliphatic or cycloaliphatic, 
aromatic, heterocyclic, and mixed aliphatic aromatic polyisocyanates containing 2, 3 
or more isocyanate groups, many of which are well known in the art. Substitution of 
20 the polyisocyanate e.g. by alkoxy groups is possible. 

The polyisocyanate compound may be, for example, but is not limited to 
ethylene diisocyanate, propylene diisocyanate, tetramethylene diisocyanate, 
hexamethylene diisocyanate (HDI), decamethylene diisocyanate, dodecamethylene 
diisocyanate, 2,4,4-trimethylhexamethylene-l,6 diisocyanate, phenylene 
25 diisocyanate, 2,4-diisocyanatotoiuene, 2,6-diisocyanatotoluene, naphthylene 

diisocyanate, dianisidine diisocyanate, 4,4'-methylene-bis(phenyl isocyanate), 2,4'- 
methylene-bis(phenyl isocyanate), 4,4'-ethylene-bis(phenyl isocyanate), ©,©'- 
diisocyanato-l,3-dimethyl benzene, cyclohexane diisocyanate, co,co'-diisocyanato- 
1,4-dimethyl cyclohexane, ©,co'-diisocyanato-l,4-dimethyl benzene, co,co'- 
30 diisocyanato-l,3-dimethylcyclohexane, l-methyl-2,4-diisocyanato cyclohexane, 4,4'- 
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methylene-bis (cyclohexyl isocyanate), 3-isocyanato-methyl-3,5,5-trimethyl 
cyclohexyl isocyanate (isophorone diisocyanate, EPDI), dimer acid-diisocyanate, 
©^'-diisocyanato-diethyl benzene, co^-diisocyanatodimethyl toluene, q,co'- 
diisocyanato-diethyl toluene, fumaric acid-bis (2-isocyanato ethyl) ester to triphenyl- 
5 methane-triisocyanate, l,4-bis-(2-isocyanato-prop-2yl) benzene, l,3-bis-(2- 
isocyanate prop-2yl) benzene. In one embodiment of the invention, the 
poly isocyanate is preferably free from isocyanate groups directly attached to 
aromatic nuclei. In another embodiment, the polyisocyanate may contain isocyanate 
groups directly attached to aromatic nuclei. 
1 0 The polyisocyanate can also be a polyisocyanate obtained by reaction of an 

excess amount of the isocyanate with a) water, b) a lower molecular weight polyol, 
(e.g. m.w.^300) or c) a medium molecular weight polyol, e.g. a polyol of greater 
than 300 and less than 8000 m.w., e.g. sucrose, or by the reaction of the isocyanate 
with itself to give an isocyanurate. : 
15 The lower molecular weight polyol comprises, for example, ethyleneglycol, 

propyleneglycol, 1,3-butylene glycol, neopentyl glycol, 2,2,4-trimethyl-l,3-pentane 
diol, hexamethylene glycol, cyclohexane dimethanol, hydrogenated bisphenol-A, 
trimethylol propane, trimethylol ethane, 1,2,6-hexane triol, glycerine, sorbitol or 
pentaerythritol. 

20 The polyisocyanate obtained by the above reaction may have a biuret 

structure, or an allophanate group. 

Also useful in the invention are the trimers of di- or higher polyisocyanates, 
i.e. materials containing an isocyanurate group. 

Preferred polyisocyanates include HDI trimer, HDI biuret and IPDI trimer. 
25 Polyisocyanate prepolymers which contain on average more than one 

isocyanate group per molecule are also suitable for use in the present invention. The 
prepolymers are obtained by prereacting a molar excess of one of the polyisocyanates 
referred to above with an organic material which contains at least two active 

* 

hydrogen atoms per molecule, for example in the form of hydroxyl groups, as in 
30 polyalkylene glycols. 
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The 1,3-dicarbonyl blocking group is derived from a 1,3-dicarbonyl 
compound, that is any compound containing the moiety shown in formula (I) 



(D 



o o 

/\ 

H Z 



10 wherein the group Z is hydrogen, methyl or ethyl. 

For example, the 1,3 dicarbonyl compound may be chosen from malonates 
such as diethyl malonate (DEM), dimethyl malonate, diisopropyl malonate, 
di(n-propyl) malonate, di(n-butyl) malonate, ethyl(n-butyl) malonate, 
methyl(n-butyl) malonate, ethyl(t-butyl) malonate, methyl(t-butyl) malonate, diethyl 

1 5 methylmalonate, dibenzyl malonate, diphenyl malonate, benzylmethyl malonate, . 
ethylphenyl malonate, (t-butyl)phenyl malonate and isopropyhdene malonate 
(Meldrum's acid); acetyl acetone; and acetoacetic esters such as methyl acetoacetate, 
ethyl acetoacetate, isopropyl acetoacetate, n-propyl acetoacetate, t-butyl acetoacetate, 
n-butyl acetoacetate, benzyl acetoacetate and phenyl acetoacetate. Preferred such 

20 blocking groups are derived from diethyl malonate, dimethyl malonate;' Meldrum's 
acid and ethyl acetoacetate, most preferably diethyl malonate. 

The thermally active blocking group is any group which provides a blocked 
polyisocyanate which remains stable at ambient temperatures, such as 20 to 25 ° C, 
for instance about 23 °C, but which unblocks on heating, for example on heating to a 

25 temperature above 80°C preferably up to about 130°C, for instance up to 120, 1 15 or 

* 

1 10°C under practical conditions such as in coating compositions in the presence of 
an active hydrogen compound. The unblocking temperature may also be determined 
under experimental conditions in the absence of active hydrogen compounds by i.r. 
spectroscopic techniques, and under such conditions is suitably above 60°C, for 
30 instance above 70 or 80°C and may be up to 1 10°C, more preferably up to 105 or 
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100°C. Thus, a thermally active blocking group will release isocyanates on heating 
even if there is no curative agent present. 

The thermally active blocking group is derived from a thermally active agent 
which may be chosen from pyrazoles such as 3,5-dimethylpyrazole, 3,5- 
diethylpyrazole, 3-methylpyrazole, pyrazole and 3-wo-butyl-5-terNbutyl-pyrazole, 3- 
iy^-butyl-5-methyl-pyrazole and 3,5-di-tert-butyl-pyrazole; imidazoles; triazoles 
such as 1,2,4 triazole and 3,5-dimethyltriazole; methylethyl ketoxime and the 
pyrazoline and pyrazolinone blocking agents described in AU-A-8 172 1/94 (which 
disclosure is specifically incorporated herein). 

Preferably the thermally active blocking group is other than an oxime, 
especially other than ketoximes and aldoximes and, in particular, other than methyl 

ethyl ketoxime (MEKO). 

For the avoidance of doubt it is to be noted that the.term "thermally active 
blocking group" as used herein is not intended to encompass groups which, on 
heating to cause unblocking, leave a residual group bonded to the isocyanate group. 
Blocking groups comprising active methylene groups, such as the acetoacetonates 
(eg. ethyl acetoacetonate) are thus not considered to be and are excluded from 
"thermally active blocking groups". 

The pyrazoles may be chosen from the pyrazoles of Formula (II) 



(R)n 




(II) 



25 

where ri is 0, 1, 2 or 3, the groups R 1 are each straight or branched alkyl, alkenyl, 
aralkyl, N-substituted carbamyl, phenyl or 



30 



O 

II 2 

-C-O-R 2 



WO 02/055577 PCT/GB02/00130 

\ 

-10- 

where R 2 is a C r C 4 alkyl group 

and when n is 2 or 3 the groups R 1 may be the same or different. 
Preferably n=2. 

Preferably the pyrazole group is substituted in the 3 and 5 positions. 
5 More preferably both R l groups are alkyl groups of 1 to 6 carbon atoms such 

as methyl or ethyl, or at least one R l is a branched alkyl group of 3 to 6 carbon 
atoms. 

Suitable branched alkyl groups include iso-propyl, iso-butyl, sec-butyl and 
tert-butyl. Particularly preferred branched alkyl pyrazoles are 3-methyl-5-wo-propyl 
10 pyrazole, 3-tfO-butyl-5-methyl pyrazole, 3-sec-butyl-5-methyl pyrazole, 3-tert-butyl- 
5-methyl pyrazole, 3-ethyl-5-tfo-propyl pyrazole, i-z.yo-butyl-5-ethyt pyrazole, 3-sec- 
butyl-5-ethyl pyrazole, 3-tert-butyl-5-ethyl pyrazole, 3-iso-propyl-5-n-propyl 
pyrazole, 3-iso-butyl-5-n-propyl pyrazole, 3-sec-butyl-5-n-propyl pyrazole, 2-tert- 
butyl-5-n-propyl pyrazole, 3-n-butyl-5-zjo-propyl pyrazole, 3-iso-butyl-5-?i-butyl 
1 5 pyrazole, 3-n-butyl-S-sec-butyl pyrazole, 3-w-butyl-5-terf-butyl pyrazole, 3,5-di-wo- 
propyl pyrazole, 3-tfo-butyl-5-wo-propyl pyrazole, 3-s£c-butyl-5-£stf-propyl 
pyrazole, 3-^rf-butyl-5-wo-propyl pyrazole, 3 ,5-di-tfo-butyl pyrazole, 3-tfo-butyl-5- 
sec-butyl pyrazole, 3-zso--butyl-5-tert-butyl pyrazole, 3,5-dwec-butyl pyrazole, 3- 
sec-butyl-5-tert-butyl pyrazole and 3,5-di-terr-butyl pyrazole. 
20 Substituted pyrazoles, including branched alkyl pyrazoles may be produced 

by conventional methods involving formation of a diketone from a methyl ketone 
and an ester and reacting the diketone with hydrazine. Approximately 1 mole of base 
is required to effect the reaction between 1 mole of the methyl ketone and 1 mole of 
the ester. This is described in more detail below. 
25 In one preferred embodiment the thermally active agent is a thermally active 

agent other than a triazole compound and/or methylethyi ketoxime. The thermally 
active agent is preferably a pyrazole, or imidazole, more preferably a pyrazole 

* 

compound, more preferably 3,5-dimethylpyrazole or 3,5-di-te7*r-butyl pyrazole and 
most preferably 3,5-dimethylpyrazole. 
30 In one embodiment the thermally active agent is a branched alkyl pyrazole.' 
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Of these 3,5-di-tert-butyl pyrazole is especially preferred for its particularly low 
unblocking temperature, and for its stability and capacity to reduce unblocking 
temperatures in general when used in a mixed blocked polyisocyanate. 
In one embodiment of the present invention, the mixed blocked 

5 polyisocyanate has a 1,3-dicarbonyl blocking group derived from diethyl malonate, 
dimethyl malonate, Meldrum's acid or ethyl acetoacetate and a thermally active 
blocking group derived from a pyrazole, imidazole or triazole. In a preferred 
embodiment of the present invention, the mixed blocked polyisocyanate product is 
obtainable by blocking a polyisocyanate with diethyl malonate or dimethyl malonate 

10 and 3,5-dimethylpyrazole or 3,5-di-terr-butyl pyrazole. In a particularly preferred 
embodiment, the mixed blocked polyisocyanate product is obtainable by blocking 
with at least diethyl malonate and 3,5-dimethylpyrazole. In a particularly preferred 
embodiment, the mixed blocked polyisocyanate is obtainable by blocking with 
diethyl malonate and 3,5-dimethylpyrazole only. 

1 5 The molar ratio of 1 ,3-dicarbonyl blocking groups to thermally active 

blocking groups in the mixed blocked polyisocyanate is from 4: 1 to 1 :99, prefereably 
4:1 to 2:98, preferably 3:1 to 5:95, more preferably 2:1 to 1:9, and most preferably 
1:1. A particularly preferred ratio for diethyl malonate and 3,5-dimethylpyrazole is 
1:1. 

20 In a preferred embodiment, the mixed blocked polyisocyanate is a hybrid 

blocked polyisocyanate obtainable by blocking with diethyl malonate or dimethyl 
malonate and 3,5-dimethylpyrazole or 3,5-di-tert-butyl pyrazole. 

In another preferred embodiment, the mixed blocked polyisocyanate is a 
blend of a blocked polyisocyanate obtainable by blocking with diethyl malonate or 

25 dimethyl malonate and a blocked polyisocyanate obtainable by blocking with 3,5- 
dimethylpyrazole or 3,5-di-terf-butyl pyrazole. More preferably the blend contains a 
diethyl malonate blocked polyisocyanate and a 3,5-dimethylpyrazole blocked 
polyisocyanate. 

A hybrid blocked polyisocyanate is typically produced by a process 

♦ 

30 comprising reacting one or more polyisocyanates with at least one 1,3-dicarbonyl 
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compound and at least one thermally active agent This is described in detail below. 

For the production of blends, two or more blocked polyisocyanates are mixed 
together. Polyisocyanates blocked with groups derived from a 1,3-dicarbonyl 
compound or with groups derived from a thermally active compound can be 
5 produced by methods known in the art. 

A blend of polyisocyanates is generally obtained by mixing the blocked 
polyisocyanate(s) and/or hybrid blocked polyisocyanates. Mixing is continued until 
a homogeneous mixture is formed. 

Typically the polyisocyanate and blocking agent are heated in order for the 
1 0 blocking reaction to occur. The reaction mixture is heated to a suitable temperature 
for the reaction to occur. Generally, the reaction mixture is heated to above 50°C, 
preferably above 60°C. However, where appropriate the initial heating of the 
reaction mixture may be to a lower temperature. For example, HDI trimer will react 
with 3,5-dimethylpyrazole when heated initially to 30 to 40°C. After initiating the 
1 5 reaction, cooling may be required in order to control the exothenn generated by, for 
instance, pyrazole blocking agents. ; 

The present invention also provides a process of overcoating a cured coating 
formed from a composition comprising a mixed blocked polyisocyanate product 
obtainable by blocking a polyisocyanate with at least one 1,3-dicarbonyl blocking 
20 agent and at least one thermally active blocking agent such that the molar ratio of 
1,3-dicarbonyl blocking groups to thermally active blocking groups in the mixed 
blocked polyisocyanate is in the range of from 4: 1 to 1 :99, and an active hydrogen 
containing compound which process comprises applying a further layer over the 
cured coating and curing. This process may be used, for example, to repair an article 
25 which has become damaged during use or a defect that has been identified during the 
initial production process of a coated article. In a particular embodiment the further, 
layer is a basecoat colour layer. The process may further comprise applying one or 
more additional coating layers such as a clearcoat comprising a mixed blocked 
polyisocyanate. 

30 The present invention also provides a coating composition comprising an 
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active hydrogen containing compound and a mixed blocked polyisocyanate product 
obtainable by blocking a polyisocyanate with at least one 1,3-dicarbonyl blocking 
agent and at least one thermally active blocking agent such that the molar ratio of 
1,3-dicarbonyl blocking groups to thermally active blocking groups in the mixed 

5 blocked polyisocyanate is from 4: 1 to 1 :99. In one embodiment the mixed blocked 
polyisocyanate product is blocked with pyrazoles as the thermally active blocking 
agent(s) such that at least 70% of the blocking groups are derived from pyrazoles. In 
another embodiment the mixed blocked polyisocyanate product has thermally active 
blocking agents other than triazoles. In a further embodiment the mixed blocked 

10 polyisocyanate product has from 1 to 20%, preferably from 1 to 10% of the blocking 
groups being 1,3-dicarbonyl blocking groups, preferably diethyl malonate. 

The present invention provides an industrial process which comprises: 

i) coating articles with a final coating of a composition 
comprising a mixed blocked polyisocyanate product obtainable by blocking a 

15 polyisocyanate with at least one 1,3-dicarbonyl blocking agent and at least one 

thermally active blocking agent such that the molar ratio of 1,3-dicarbonyl blocking , 
groups to thermally active blocking groups in the mixed blocked polyisocyanate is in 
the range of from 4:1 to 1:99, and an active hydrogen containing compound, 

ii) curing the coating, 

20 iii) inspecting the airticles for defects, and 

iv) recoating defective articles totally or in part. Preferably the 
recoating step involves coating with one or more layers and then overcoating with a 
coating composition comprising an active hydrogen containing compound and a 
mixed blocked polyisocyanate product as described above, and curing. 

25 The present invention further provides a hybrid blocked polyisocyanate 

having at least one 1,3-dicarbonyl blocking group and at least one thermally active 
blocking group such that the molar ratio of 1,3-dicarbonyl blocking groups to 
thermally active blocking groups in the hybrid blocked polyisocyanate is in the range 
of from 4:1 to 1:9. In one embodiment the molar ratio of 1,3-dicarbonyl blocking 

30 groups to thermally active blocking groups is about 1 :9. 
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In a particularly preferred embodiment the hybrid blocked polyisocyanate 
consists of polyisocyanate fully blocked with only one 1 ,3-dicarbonyl blocking agent 
and with only one thermally active blocking agent. 

The hybrid blocked polyisocyanate contains a sufficient amount of the 
5 thermally active blocking groups to remove the incompatibilities shown 

when using only 1,3-dicarbonyl blocking groups (but at least 20 mol% based on total 
blocking groups present) up to 90 mol% of the blocking groups being the thermally 
active blocking group. In a preferred embodiment, the hybrid blocked 
polyisocyanate from 20 to 65 mol% of the blocking groups are thermally active 

10 blocking groups. 

When the polyisocyanate is reacted with a first blocking agent, some of the 
polyisocyanate molecules are blocked completely with that blocking agent, some 
molecules (preferably the majority) are partially blocked and some remain 
unblocked. When the partially blocked polyisocyanate is reacted with a second (and 

1 5 optionally further) blocking agent, all the unblocked functional groups become 

blocked. The result is a mixed population of folly blocked polyisocyanate molecules. 
Generally it is preferred to use amounts of two blocking agents such that 
approximately 10 mol% or more of the polyisocyanate molecules are blocked by at 
least one 1,3-dicarbonyl blocking group and by at least one thermally active blocking 

20 group, preferably at least 20%, for instance at least 30%, 40%, 50%, 60%, or 70%. 

The polyisocyanate may be any organic polyisocyanate, including biurets, 
allophanates, trimers (isocyanurates) and prepolymers, described above' as being • 
suitable for crosslinking compounds containing active hydrogen. Preferences 
expressed above apply equally to the hybrid blocked polyisocyanates. HDI trimer is 

25 particularly preferred. 

The 1,3-dicarbonyl blocking group is derived from a 1,3-dicarbonyl 
compound described above. Preferences expressed above apply equally to the hybrid 
blocked polyisocyanates. HDI trimer is particularly preferred. 

The thermally active blocking group is any group which remains stable at 
30 ambient temperatures but which unblocks on heating, for example on heating to a 
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temperature above 80°C under practical conditions (see above). The thermally active 
blocking group is derived from a thermally active agent as described above. 
Preferences expressed above apply equally to the hybrid blocked polyisocyanates. 
HDI trimer is particularly preferred. 
5 In one embodiment of the present invention, the hybrid blocked 

polyisocyanate has a 1,3-dicarbonyl blocking group derived from diethyl malonate, 
dimethyl malonate, Meldrum's acid or ethyl acetoacetate and a thermally active 
blocking group derived from a pyrazole, imidazole, or triazole. In a preferred 
embodiment of the present invention, the hybrid blocked polyisocyanate has a 1,3- 
10 dicarbonyl blocking group derived from diethyl malonate or dimethyl malonate and a 
thermally active blocking group derived from 3,5-dimethylpyrazole or 3,5-di-tert- 
butyl pyrazole. In a particularly preferred embodiment, the hybrid blocked 
polyisocyanate has a 1,3-dicarbonyl blocking group derived from diethyl malonate 
and a thermally active blocking group derived from 3,5-dimethylpyrazole. In a 
15 particularly preferred embodiment, the hybrid blocked polyisocyanate has one 1,3- 
dicarbonyl blocking group which is derived from diethyl malonate and one thermally 
active blocking group which is derived from 3,5-dimethylpyrazole and no other 
blocking groups are present. 

The molar ratio of 1,3-dicarbonyl blocking groups to thermally active 
20 blocking groups in the hybrid blocked polyisocyanate is as described above, for 
instance from 4:1 to 1:9, preferably 3:1 to 1:8, more preferably 2:1 to 1:6, more 
preferably 2: 1 to 1 :4, more preferably 2: 1 to 1 :2 and most preferably 1 : 1 . A 
particularly preferred ratio for diethyl malonate and 3,5-dimethyl pyrazole is 1:1. 

The present invention also provides a process for producing a hybrid blocked 
25 polyisocyanate of the present invention, which process comprises reacting one or 
more polyisocyanates with at least one 1,3-dicarbonyl compound and at least one 

■ 

thermally active agent wherein the amounts of 1,3-dicarbonyl compound and 
thermally active agent are such that the molar ratio of 1,3-dicarbonyl blocking groups 
to thermally active blocking groups in the hybrid blocked polyisocyanate is in the 
30 range of from 4: 1 to 1 :99, preferably 4: 1 to 1 :9. The polyisocyanate(s) are reacted 
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with the blocking agents simultaneously or in any order. 

When only two blocking agents are used, the polyisocyanate may be reacted 
with both together, with the thermally active blocking agent first followed by 
reaction with the 1,3-dicarbonyl compound or with the 1,3-dicarbonyl compound 
5 first followed by reaction with the thermally active blocking agent. Preferably the 
1,3-dicarbonyl compound is used first. 

When more than two blocking agents are used, the polyisocyanate may be 
reacted with the blocking agents in any order or combination. 

In a particular embodiment, the present invention also provides a process for 
10 * producing a hybrid blocked polyisocyanate which process comprises reacting one or 
more polyisocyanates with a mixture of two or more blocking agents, wherein at 
least one of the blocking agents is a 1,3-dicarbonyl compound and at least one of the 
blocking agents is a thermally active agent and the molar ratio of 1,3-dicarbonyl 
blocking agents to thermally active blocking agents in the hybrid blocked 
15 polyisocyanate is in the range of from 4:1 to 1:99, preferably 4:1 to 1:19, more . . 

preferably 4:1 to 1:9. 

Typically the polyisocyanate and blocking agent are heated in order for the 
blocking reaction to occur. The reaction mixture is heated to a suitable temperature 
for the reaction to occur. Generally, the reaction mixture is heated to above 50°C, 
20 preferably above 60°C. However, where appropriate the initial heating of the 

reaction mixture may be to a lower temperature. For example, HDI trimer will react 
with 3,5-dimethylpyrazole when heated initially to 30-40°C. After initiating the 
reaction, cooling may be required in order to control the exotherm generated by, for 
instance, pyrazole blocking agents. 
25 The hybrid blocked polyisocyanates of the present invention are used in clear 

coatings, paints, elastomers, adhesives, molding compositions and surface 
treatments, for instance for fibres or fabrics. The products may, depending on the 
individual components, be in solid or liquid form (even in the absence of solvents, 
called "100% solids" in the art) or in the form of a dispersion in water or a liquid 
30 carrier or a solution in an organic solvent or water. Hybrid blocked polyisocyanates 
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which react with active hydrogen containing compounds can be cured by chain 
extension or crosslinking and are also used in crosslinking acrylic resins for 
automotive priming and finishing, formulating one-pack elastomers and surface 
coatings which contain the hybrid blocked isocyanate and as a chain extender in a 
5 single storage stable package which, when cast, can be cured by application of 

temperatures above the unblocking temperature. The hybrid blocked polyisocyanates 
of the invention are particularly useful in polyurethane coating compositions. 

The present invention also provides a composition comprising a hybrid 
blocked polyisocyanate of the invention and at least one monofunctional or 
10 bifunctional or poly functional compound containing active hydrogen. The 
composition may further comprise any further components known in the area of 
application of the composition. For example, a paint composition comprising a 
hybrid blocked polyisocyanate of the present invention may further comprise a 
pigment. The paint may be applied using any process known in the art, including 
15 electrophoretic deposition. 

In the context of the present invention it should be noted that unblocking of 
thermally active blocking agents is the process that takes place when a blocked 
polyisocyanate containing such a blocking agent is heated to the point at which it 
dissociates and the isocyanate becomes free. The unblocking reaction is separate 
20 from the curing reaction. In the unblocking reaction free isocyanate groups are 
reformed which are then able to react with other components of the curing 
composition. The unblocking reaction is of course a reversible process (the reverse 
reaction is exploited to block the isocyanate) and therefore subject to control in 
various manners. For example, increased temperature favours the unblocking 
25 reaction, hence blocked polyisocyanates are thermally labile. The unblocking 

reaction is also controlled by the concentrations of the various reagents. At the start 
of an unblocking reaction when all isocyanate groups are blocked, the unblocking 
reaction is, of course, predominant. If the blocking agent is removed (for instance a 
volatile blocking agent may evaporate from a coating), the reaction will be driven 
30 towards the formation of the unblocked isocyanate. Similarly, if the unblocked 
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isocyanate is removed (usually it is, by reaction with the other components of the 
curing composition) again the reaction is driven towards formation of the unblocked 
material However, if there is an excess of blocking agent, the reverse reaction may 
be accentuated. These factors all contribute to the overall rate of the unblocking 
5 reaction. 

In contrast the curing reaction is essentially irreversible. Free isocyanate 
groups react rapidly with active hydrogen containing components of curing 
compositions and generate the desired polyurethane polymers that form the basis of a 
crosslinked product. The rate of the curing reaction will depend upon the nature of 
10 the polyisocyanate, the nature of the active hydrogen containing components, their 
respective concentrations, the temperature and the freedom of individual molecules 
to move within the composition as the curing reaction approaches completion, and as 
the medium becomes more viscous. The rate of the curing reaction may be increased 
by catalysis. It may also be adversely affected by the blocking reaction again 
1 5 reducing the amount of free isocyanate in the case (as with DMP) where there is a 
relatively non-volatile blocking agent present in increasing excess as, towards the 
end of the curing reaction, the amount of free isocyanate diminishes towards zero. 

There is therefore a difference between (a) the temperature at which 
unblocking occurs at a practicable rate for curing the composition and (b) the rate at 
20 which the curing reaction itself proceeds. Normally the curing reaction is fast and 
curing is therefore controlled by unblocking temperature. 

In contrast, the 1,3-dicarbonyl blocking groups are believed to react via a 
transesterification reaction (Wicks, Zeno W., el ah, Organic Coatings: Science and 
Technology, 2 nd Ed'n, J. Wiley & Sons, 1999, ISBN 0-471-24507-0, page 200). In 
25 the reaction the blocking group is attacked by a hydroxyl functional compound, 

i 

which crosslinks the hydroxy functional compounds, and the alcohol by-product 
leaves. 

In practice coatings compositions based on the mixed and hybrid blocked 
polyisocyanates of the invention may be cured at any temperature above the 
30 unblocking temperature provided that they are suitably formulated, which is a matter 
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within the ability of those skilled in the art. Typically coatings will be cured at 
temperatures well above the i.r. specroscopic unblocking temperature of the thermal 
blocking agents in order to achieve more rapid cure. By way of examples, 3,5-DMP 
blocked polyisocyanates show a detectable NCO peak in the i.r. spectrum at 95 °C 
5 whereas in a practical situation typical curing conditions, in the presence of a polyol 
as active hydrogen compound and a suitable amount of catalyst, would be about 
120°C for approximately 45 minutes or about 140°C for 30 minutes. 



1 0 assessed by examining whether the substances when mixed form a stable 
homogeneous mixture; substances that do not are incompatible. 

On unblocking/curing the isocyanate groups react to form a polymer. The 



derived from transesterification adjacent to urethane units. Accordingly, the present 
1 5 invention provides a polymer comprising as a repeating unit the moiety of Formula 



The present invention can avoid the incompatibility problems sometimes 
shown by known polyisocyanates. Compatibility of two or more substances is 



polymers formed from the polyisocyanates of the present invention comprise units 



H I 

i ii ii 

NH O O 




20 



P) 



C 



o 



25 



wherein the moiety 




30 



WO 02/055577 



PCT/GB02/00130 



\ 



-20- 



10 



15 



20 



is derived from a di- or higher isocyanate, such as those mentioned above. 

The present invention further provides cured coatings comprising a polymer 
comprising as repeating unit the moiety of Formula (II) as defined above. 
Particularly preferred such coatings are those obtainable by curing a coating 
composition as defined above. Where the thermally active blocking groups generate, 
on thermal unblocking, a relatively non- volatile blocking agent, such cured coatings 
will comprise, in addition to the polymer comprising repeating units of Formula (II), 
freed blocking agent. The invention further provides a process comprising curing a 
coatings composition as defined above by heating to unblock the polyisocyanate and 
causing a cross-linking reaction. The invention also provides a coating obtained by 
such a process, the coating comprising a polymer comprising as repeating unit a 
moiety of Formula (II) as defined above. Preferably the thermally active blocking 
agent used in the production of the blocked polyisocyanate is a pyrazole and hence 
preferred coatings obtainable or obtained by the foregoing processes will comprise 
free pyrazole blocking agent. Most preferably the pyrazole is 3,5-di-methyl pyrazole, 
3-wo-butyl-5-tert-butyl pyrazole or 3-w0-butyl-5-methyl pyrazole. 

Following this work the applicant has also identified a number of novel 
pyrazole blocking agents which are particularly suitable for use in forming hybrid 
blocked polyisocyanates but may also be useful alone. These are the branched alkyl 
pyrazoles of Formula (IV) 



wherein R a is alkyl of 1 to 6 carbon atoms and R b is a branched alkyl of 3 to 6 carbon 
atoms. Preferably R a is methyl, ethyl, n-propyl, n-butyl or branched alkyl of 3 to 6 
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carbon atoms. When R a and R b are both branched alkyl they may be the same or 
different 

Suitable branched alkyl groups include iso-propyl, iso-butyl, sec-butyl and 
tert-butyl. Particularly preferred branched alkyl pyrazoles are 
5 3-methyl-5-£so-propyl pyrazole, 

3-tfo-butyl-5-methyl pyrazole, 
3-jec-butyl-5-methyl pyrazole, 
3-terNbutyl-5-methyl pyrazole, 
3-ethyl-5-tfo-propyl pyrazole, 
1 0 5-wo-butyl-5-ethyl pyrazole, 

3-^c-butyl-5-ethyl pyrazole, 
3-tert-butyl-5-ethyl pyrazole, 
3-wo-propyl-5-n-propyl pyrazole, 
3-wobutyl-5-n-propyl pyrazole, 
15 3-^c-butyl-5-«-propyl pyrazole, 

3-te/-Nbutyl-5-n-propyl pyrazole, 
3-n-butyl-5-wopropyl pyrazole, 
3-w0-butyl-5-7^butyl pyrazole, 
3-n-butyl-5-.ye<:-butyl pyrazole, 
20 3-n-butyl-5-terf-butyl pyrazole, 

3,5-di-tfo-propyl pyrazole, 
3-w0-butyl-5-iw>-propyl pyrazole, 
3-^c-butyl-5 -iso-propyl pyrazole, 
3-tert-butyl-5-w o-propyl pyrazole, 
25 3 ,5-di-£yo-butyl pyrazole, 

3-wo-butyl-S-sec-butyl pyrazole, 
3-wo-butyl-5-terf-butyl pyrazole, 
3,5-di-jec-butyl pyrazole, 
3-jec-butyl-5-/«r/-butyl pyrazole and 
30 3,5-di-tert-butyl pyrazole. 
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Of these 3-w0-butyl-5-tert-butyl pyrazole, 5-is<>butyl-3-methyl pyrazole and 
3,5-di-tert-butyl-pyrazole are preferred and 3,5-di-terf-butyl-pyrazole is especially 
preferred for its particularly low unblocking temperature when used alone, and for its 
stability and capacity to reduce unblocking temperatures in general when used in a 

5 hybrid blocked polyisocy anate as described above. 

Such branched alkyl pyrazoles may be produced by conventional methods 
involving formation of a diketone from a methyl ketone and an ester and reacting the 
diketone with hydrazine. Approximately 1 mole of base is required to effect the 
reaction between 1 mole of the methyl ketone and 1 mole of the ester. For 

10 synthesising asymmetrically substituted pyrazoles, one of the precursors furnishes 
group R a and the other furnishes the group R b . Thus: 




when R a and R b are as defined above and R c -0- is an ester-forming group, 
1 5 preferably being an alkyl group such as methyl. 
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These reactions are very well known and the starting materials readily 
available commercially or easily produced by known methods. 

A further embodiment of the present invention is a blocked polyisocyanate 
where the blocking agent is a branched alkyl pyrazole as described above, preferably 
5 3,5-di-te?-/-butyl pyrazole. A branched alkyl pyrazole blocked polyisocyanate is 
produced by heating the branched alkyl pyrazole with a polyisocyanate in the 
conventional manner. The blocking agents are advantageous when used alone, or • 
when used in combination with 1,3-dicarbonyl blocking agent, having a low 
unblocking temperature, good stability and conferring useful levels of stabilisation 
1 0 when used in combination with 1 ,3-dicarbonyl blocking agents. 

The invention will now be illustrated by the following, non-limiting Examples. 

EXAMPLES 

15 Reference Example 1 : Preparation of HDI trimer blocked with diethyl malonate 

HDI trimer (Desmodur N3300) (530.4g); diethyl malonate (933 .0g) and sodium 
methoxide (3.2g). were charged to a laboratory reactor and heated at 70-80°C until the 
NCO content (determined by titration) was less than 0.5%. A further charge of HDI 
trimer (530.4g) and diethyl malonate (3.2g) was made and the reaction continued until 
20 NCO content was less than 0.1%. 

Reference Example 2: Preparation of HDI trimer blocked with 3.5 DMP 

HDI trimer (Desmodur N3300) (661. lg) was charged to a laboratory reactor and 
heated to 35-40°C. DMP (338.9g) was added slowly, maintaining the temperature 
25 below 90°C. The reaction temperature was maintained at approximately 90°C until the 
NCO content was less than 0.1%. 

Exam ple 1: Preparation of HDI trimer blocked with DMP/diethvI malonate (1:1 mole 
ratio) 



WO 02/055577 PCT/GB02/00130 

\ 

-24- 

HDI trimer (Desmodur N3300) (1 195.4g), diethyl malonate (501 3g) and sodium 
methoxide (2.9g) were charged to a laboratory reactor and heated at 65-70°C until the 
NCO content, determined by titration was 7.5%. The reaction was cooled to 56°C and 
DMP (300.4g) was added. The reaction was heated at approximately 70°C until the 
5 NCO content was less than 0.1%. 

* 

Example 2: Comparison of DMP/DEM blocked HDI trimer with a blend of DEM 
blocked and DMP blocked isocvanates 
The following products were prepared: 

10 a) A product prepared according to Reference Example 1 and dissolved in 
different solvents as detailed in Table 1 below (3 parts solvent to 7 parts blocked 
isocyanate). 

b) A. product prepared according to Reference Example 2 and dissolved in 
15 different solvents as detailed in Table 1 below (3 parts solvent to 7 parts blocked 

isocyanate). 

c) A product prepared according to Example 1 and dissolved in different solvents 
as detailed in Table 1 below (3 parts solvent to 7 parts blocked isocyanate). 

20 

d) A product prepared by blending the product produced in a) with the product 
produced in b) above in equal proportions. 

The appearance of each sample was observed over a period of time at 23°C, results 
25 being shown in Table 1 : 
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Table 1 



\«$olvent 
produaS. 


Butyl acetate 


Methoxypropyl 
acetate . 


Methylethylketone 


Shellsol A 


Methoxypropanol 


a) 


Solid after 1 

* 

day 


Solid after 1 1 
days 


Starts to solidify 
after 1 1 days 


Solid after 5 
days 


Solid after 2 days 


b) 


Remains clear 
and liquid 


Remains clear 
and liquid 


Remains clear and 
liquid 


Remains clear 
and liquid 


Remains clear and 
liquid 


o) 


Remains clear 
and liquid 


Remains clear 
and liquid 


Remains clear and 
liquid 


Remains clear 
and liquid 


Remains clear and 
liquid 


d) 


Solid after 1 
day 


Solid after 1 
day 


Solid after 5 days 


Solid after 1 
day 


Solid after 5 days 



10 Analysis of the physical blend d) and hybrid c) in methoxypropanol solvent by gpc 
shows a narrower molecular weight distribution and lower peak molecular weight for 
the hybrid polyisocyanate c). 

Example 3: Preparation of HDI trimer blocked with DMP.diethvl malonate (1 :9 mole 
15 ratio) 

HDI trimer (Desmodur N3300) (387.8g), diethyl malonate (292.7g) and sodium 
methoxide (l.Og) were charged to a laboratory reactor and heated at 65-70°C until the 
NCO content, determined by titration was 1.25%. DMP (19,5g) was added and the 
reaction maintained at approximately 70°C until the NCO content was less than 0.1%. 
20 Methoxypropanol, (300.0g) was added and the product discharged. After 10 days the 
product was still liquid. 

Example 4: Comparison of the properties of DEM. DMP and DEM/DMP blocked 
isocvanate 

25 The appearance of the blocked isocyanate produced in Example 3 was monitored and 
the results compared with corresponding isocyanates blocked with one or the other of 
DEM and DMP and with a blend of these two blocked isocyanates. The results shown 
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in Table 2 below confirm that the so-called hybrid products have a reduced tendency 
to crystallise. 



Table 2 Stability 



Blocking agent 


\ day 


1 week 


4 weeks 


DEM only 


liquid 


crystallised/solidified 


crystallised/solidified 


DMP only 


liquid 


liquid 


liquid 


Blend of DEM only and 
DMP only 


liquid 


crystallised/solidified 


crystallised/solidified 


DEM/DMP hybrid 


liquid 


liquid 


liquid 



The "crystallised" products all solidified although in some cases "crystallised" 
products do remain clear. 

15 Example 5 

Coatings were made up from the blocked isocyanate of Example 3, or the comparative 
materials mentioned in Example 4 above, and an acrylic polyol (Crodaplast 
AC589BN) using DBTL catalyst (0.8% by weight on total solids). The formulations 
were coated out on primed steel panels and cured at 90, 100 or 120°C for 45 mins. 
20 The Tg of the resulting film, MEK resistance (double rubs) and pencil hardness were 
determined. The ratio of OH:NCO of the coatings compositions was selected to be 
1.6:1 for DEM blocked isocyanate (after preliminary tests at 1.3:1 and 1.6:1 showed 
better cure for the latter), 1:1 for DMP blocked isocyanate and 1.3:1 for the hybrid 
DEM/DMP blocked isocyanate. Results for the optimised formulations are shown in 
25 Tables 3, 4 and 5 below: 
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Table 3 Tg °C 





Cure Temperature 


90°C 


100°C 


120°C 


All DEM 

• 


3X9 


36.4 


52.8 


D MP/DEM Hybrid 


20.4 


33.6 


42.9 


All DMP 


7.7 


29.3 


44.6 



10 Table 4 MEK double rubs 



20 





Cure Temperature 




90°C 


100°C 


120°C 


All DEM 


50 


250 


250 


DMP/DEM Hybrid 


20 


50 


250 


All DMP 


10 


10 


200 


Table 5 pencil hardness 










Cure Temperature 




90°C 


lQO'C 


120°C 


All DEM 


H-2H 


4H-5H 


4H-5H 


DMP/DEM Hybrid 


H-2H 


4H-5H 


4H-5H 


All DMP 


HB - H 


H-2H 


3H-4H 



25 The results show that the cure is increased as temperature is raised. The results also 
show that ai 100°C DEM gives the greater cure, and that at 120°C the hybrid gives 
improved results over a DMP blocked isocyanate. This difference can be attributed to 
the two different reaction pathways tbat are operating. For example, with 
transesterification taking place at a lower temperature than thermal dissociation only a 

30 "partial cure" is effected when the hybrid is used at 100°C since thermal dissociation 
of DMP blocked isocyanate groups has not taken place fully in the time of the 



4 
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experiment. 

The slight differences between the cure achieved at 120°C may be attributed to 
incomplete reaction of the DMP blocked isocyanate in the reaction time or due to 
5 chemical differences in the crosslinked coating (carbamate vs non-carbamate 

■ 

linkages). 

In short, the cure of a hybrid blocked isocyanate is similar to or slightly better than a 
pure DMP blocked isocyanate at 120°C. 

10 

Example 6 Preparation of 3.5-di-t-butvb vrazole (DTP) 
2,2,6,6-tetramethyl-3,5-heptandione (25g) was dissolved in dichloromethane 
(1 OOmls). 100% Hydrazine hydrate (7. 12g) was added drop-wise with stirring at room 
temperature. The mixture was allowed to stir at room temperature (25 °C) overnight 
15 A further aliquot of dichloromethane (50ml) was added and the organic phase 

separated from the aqueous phase. The solvent was removed by evaporation and the ; 
resulting solid recrystallised form acetone to give a white crystalline solid. Mp 191- 
193°C 

20 Example 7 Preparation of isocyanate b locked with di-t-butvl pyrazole. 

HDI trimer (Desmodur N3300) (21.41g) was mixed with methoxypropanol (18g). 
3,5-di-t-butylpyrazole(2L41g) was added portion-wise over 15 minutes. The reaction 
mixture was heated to 60 °C and stirred for 1.5 hrs. Two further aliquots (0.5g) of di- 
t-butyl pyrazole were added and the reaction stirred until infra red analysis indicated 
25 the absence of isocyanate groups. 

Example 8 Pr e paration of HDI trimer blocked with b oth diethyl malonate and 3,5-di- 
terf-butvl pyrazole. 

HDI trimer (Desmodur N3 3 00) (73.4g) and diethylmalonate (31.34g) were stirred 
30 together at room temperature. Sodium methoxide solution (0.2g of a 27% solution in 
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methanol) was added drop-wise. The reaction temperature was raised to 65 °C and 
monitored by titration until the NCO content was 7.6%. Methoxypropanol (60.0g) 
was added, followed by 3,5-di-tert-butyl pyrazole (35.26g). The reaction temperature 
was maintained at 65 Q C and reaction monitored by titration- When the NCO content 
5 was approximately 0.53% a further portion of 3,5-di-terf-butyl pyrazole (3.0g) was 
added. IR analysis showed substantially all NCO group had reacted. 

Example 9 Coatings based on 3,5-di-tert-butvl pyrazole blocked polvisocvanates 
Coatings were made up analogously to Example 5, except that the DMP blocked 

10 isocyanate was replaced by material prepared according to Example 7 and the hybrid 
DEM/DMP blocked isocyanate was replaced by blocked isocyanate prepared 
according to Example 8 . The ratio of OH:NCO was 1 .6 : 1 for DEM blocked 
isocyanate and 1 : 1 for pyrazole blocked isocyanate. For the formulation containing . 
the hybrid DEM/DTP blocked isocyanate, a ratio of 1 .3 : 1 was used The formulations 

1 5 were coated out on primed steel panels and cured at the indicated temperature for 45 
mins., MEK resistance (double rubs) and pencil hardness were determined, all as 
described above. Results are shown in Tables 6 and 7. 



Table 6 MEK Double rubs 





Cure Temperature 


Blocking agent 
preparation 


90°C 


100°C 


120°C 


Example S 


20 • 


250 


250 


Example 7 


30 


250 


220 



I 



'* 
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Table7 Pencil hardness 





Cure Temperature 


Blocking agent 
preparation 


90°C 


100°C 


120<C 


Example 3 


2H-3H 


3H-4H 


3H-4H 


1 Example 7 


2H-3H 


3H-4H 


2H-3H 



The results were compared to those in Tables 3 and 4. Pencil hardness is of the same 
order, with the value for the hybrid being lower at 120°C and higher at 100°C. More 
10 significant is the dramatic difference in the MEK rub test, with 250 MEK double rubs 
achieved for both the hybrid DEM/di-t-butyl pyrazole and the di-t-butyl pyrazole 
alone. 

Example 10 Coatings of DEM/DMP hybrid and a DMP blocked isocvanate . 
15 In the following Example the DEM/DMP hybrid blocked isocyanate is a blocked HDI 
trimer prepared according to Example 1 and dissolved in methoxypropanol such that 
the final solids content is 70%. The DMP blocked isocyanate is prepared according 
to Reference Example 2 and dissolved in methoxypropanol such that the final solids 
content is 70%. 

20 

Coating formulations were prepared according to the following table, coated out onto 
white primed steel panels at 150|im wet film thickness and stoved at either 120°C for 
45 mins or 140 °C for 30 mins The formulations are shown in Table 8 and 9. Curing 
conditions are shown in Table 9. 
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Table 8 



15 



Ingredient 


Formulation A g 


Formuaition B g 


DMP Blocked isocyanate 


31.21 


None 


DMP/DEM blocked isocyanate 


None 


28.45 


Crodaplast AC 589 


35.35 


. 37.93 


Methoxypropyl acetate 


18.6 


18.25 


Tego 450 (flow additive) 


0.19 


0.19 


Dibutyitindilaurate (catalyst) 


0.1 


0.1 


Tinuvin 400 (UV stabiliser) 


0.97 


0.97 


Tinuvin 123 (UV stabiliser) 


0.48 


0.48 


Methylethylketone 


13.64 


13.64 


Table 9 


Formulation 


Blocking agent 


stoving conditions 


A 


DMP 


140°C 30 mins 


A 


DMP 


120°C 45 rains 


B 


DEM/DMP hybrid 


140X30 mins 


B 


DEM/DMP hybrid 


120°C 45 mins 


Example 11 

Preparation of a hybrid blocked isocyanate blocked with 3, 5-dimethylpyrazole: diethyl 
malonate in a ratio of 90:10 at 70% solids concentration. 



HDI trimer (Desmodur N3300) (455. 5g), diethyl malonate (38.2g) and sodium 
25 methoxide (0.2g) were charged to a reactor, mixed and the temperature raised to 65 to 
70°C. The reaction was continued until the isocyanate content was 18.20%. 3,5- 
Dimethylpyrazole (206. lg) was added, mamtaining the temperature below 85°C, 
followed by addition of methoxy propanol (300g). No isocyanate peak was detectable 
by infrared analysis. 

30 
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Example 12 

Preparation of a hybrid blocked isocyanate blocked with 3,5-dimethylpyrazole and 
diethyl malonate in a ratio of 95:5 at 70% solids concentration. 

5 HDI trimer (Desmodur N3300) (460.6g), diethyl malonate (19.3%) and sodium 
methoxide (0.2g) were charged to a reactor, mixed and the temperature raised to 65 to 
70°C. The reaction was continued until the isocyanate content was 19.7%. 3,5- - 
Dimethylpyrazole (219.9g) was added, maintaining the temperature below 85°C, 
followed by addition of methoxy propanol (300g). No isocyanate peak was detectable 

10 by infrared analysis. 

Preparation Example 1 

Preparation of an isocyanate blocked with 3,5-dimethylpyrazole at 70% solids 
concentration. 

15 

HDI trimer (Desmodur N3300) (925.6g) was charged to a reactor, mixed and the 
temperature raised to 40°C. 3,5-Dimethylpyrazole (474.4g) was added, mamtaining 
the temperature below 90°C followed by addition of methoxy propanol (300g). No 
isocyanate peak was detectable by infra red analysis. 

20 

Preparation Example 2 

Preparation of an isocyanate blocked with diethyl malonate at 76% solids 
concentration. 

25 HDI trimer (Desmodur N3300) (1007 .5g), diethyl malonate (1773 .0g) and sodium 
methoxide (6.0g) were charged to a reactor, mixed and the temperature raised to 65- 
70°C. Reaction was continued until isocyanate content was less than 0.1%. A further 
amount of HDI trimer (1007.6g) and sodium methoxide (6.0g) were added, 
maintaining the temperature below 70°C. When the isocyanate content was less than 

30 0.1%, methoxy propanol (1200g) was added. No isocyanate peak was detectable by 
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infira red analysis. 

Examples 13 to 22 
Preparation of clear coats. 

5 

All clear coats were made-up by mixing together the appropriate amount of blocked 
isocyanate(s) (see Table 10 below) with the appropriate amount of acrylic resin 
(Crodaplast AC589) (see Table 10). The following amounts of other reagents were 
added: dibutyl tin dilaurate (0.1%); flow additive (Tego 450) (diluted to 50% in butyl 
10 acetate, 0.19%); ultraviolet stabiliser (Tinuvin 400) (0.97%); ultraviolet stabiliser 
(Tinuvin 123) (0.48%) ? methylethylketone (13.64%) and methoxypropyl acetate 
(appropriate amount to make-up to 100%). 

Determination of intercoat adhesion. 

15 

Phosphate treated panels were primed by coating with a proprietary primer 
formulation (applied at lOOfim wet film thickness) followed by curing at 140°C for 30 
minutes. A proprietary basecoat was applied at 90jim wet film thickness, dried at 
50°C for 15 minutes, followed by application of a clearcoat formulation made-up 

20 according to Table 10, applied at 120^m wet film thickness. The coated panels were 
then cured at 140°C for 30 minutes. The cured coatings were then overcoated with the 
same proprietary basecoat, applied at 90|im wet film thickness, dried at 50°C for 15 
minutes, followed by application of the same clearcoat, applied at 120jim wet film ' 
thickness. The overcoated panels were then cured at 140°C for 30 minutes. Cross-cut 

25 adhesion tests were carried out using BS3900 part E6 (1992). The results are shown 
in Table 10. A rating of 5 is very poor and a rating of 0 is the best (no failure of 
adhesion observed). Where failure of adhesion occurred it was between the first 
clearcoat and the second basecoat. 



30 
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Example 23 Determination of unblocking temperature in absence of active hydrogen 
compounds 

One way to determine the unblocking temperature of thermally active blocking agents 
5 is to monitor the appearance of the free isocyanate at elevated temperature by infra red 
spectroscopy: 

A round bottomed flask (2 litre) equipped with stirrer and temperature recording was 
placed in an isomantle. The infrared probe of a Mettler Toledo React IR 4000 was 

10 placed in the flask to record the infrared spectrum during the reaction, in particular the 
absorption band at 2270 cm* 1 (the band corresponding to the absorption of an 
isocyanate group (-NCO)). Propylene glycol mono methyl ether acetate (Dowanol 
PMA, 1500g), was charged followed by HDI biuret (20.0g). The temperature was 
raised to 60°C and 3,5-di-terr-butyl pyrazole (DBTP, 19.23g) added. The intensity of 

15 the band at 2270 cm' 1 was monitored. After reacting at 60°C for one hour and cooling 
to 25 °C overnight (ca. 18 hours) no absorbance at 2270 cm' 1 was detectable, 
indicating the NCO groups had fully reacted with the DBTP. On heating the product 
to 60°C the peak at 2270 cm' 1 reappeared, indicating the regeneration of the 
isocyanate functionality. 

20 A similar experiment carried out using 3,5-dimethyl pyrazole (DMP) in place 

of DTBP did not show the reappearance of the NCO band until 95 °C. This 
demonstrates the lower unblocking temperature of DTBP compared with DMP. 
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CLAIMS 



1 . Use of a mixed blocked polyisocyanate product in a curable 
composition wherein the mixed blocked polyisocyanate product is obtainable by 
5 blocking one or more polyisocyanates with at least one 1,3-dicarbonyl blocking agent 
and at least one thermally active blocking agent such that the molar ratio of 1,3- 
dicarbonyl blocking groups to thermally active blocking groups in the mixed blocked 
polyisocyanate is in the range of from 4:1 to 1:99. 

10 2. Use according to claim 1 wherein the mixed blocked polyisocyanate 

product is a hybrid blocked polyisocyanate product in which at least a proportion of 
the molecules are blocked with a 1,3-dicarbonyl blocking group and a thermally 
active group. 

15 3 . Use according to claim 1 wherein the mixed blocked polyisocyanate 

product is a blend comprising a polyisocyanate blocked with at least one 1,3- 
dicarbonyl group and the same or a different polyisocyanate blocked with at least one 

thermally active group. 

20 4. Use according to claim 1 wherein the mixed blocked polyisocyanate 

product is a blend comprising two or more hybrid blocked polyisocyanates. 

5. Use according to claim 1 wherein the mixed blocked polyisocyanate 
product is a blend comprising (a) a hybrid blocked polyisocyanate and at least one of 

25 (b) a polyisocyanate blocked with at least one 1,3-dicarbonyl group and (c) a 
polyisocyanate blocked with at least one thermally active group. 

6. A process of overcoating a cured coating formed from a composition 
comprising a mixed blocked polyisocyanate product obtainable by blocking one or 

30 more polyisocyanates with at least one 1 ,3-dicarbonyl blocking agent and at least one 
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themially active blocking agent such that the molar ratio of 1,3-dicarbonyl blocking 
groups to thermally active blocking groups in the mixed blocked polyisocyanate is in 
the range of from 4:1 to 1:99, and an active hydrogen containing compound, which 
process comprises applying a further layer over the cured coating and curing the 
5 further layer. 

7. A coating composition comprising an active hydrogen containing 
compound and a mixed blocked polyisocyanate product obtainable by blocking one 
or more polyisocyanates with at least one 1,3-dicarbonyl blocking agent and at least 

10 one thermally active blocking agent such that the molar ratio of 1 ,3-dicaibonyl 
blocking groups to thermally active blocking groups in the mixed blocked 
polyisocyanate is from 4:1 to 1:99. 

9 

* * 

8. An industrial process which comprises: 

15 i) coating articles with a coating composition comprising a mixed 

blocked polyisocyanate product obtainable by blocking one or more polyisocyanates 
with at least one 1 ,3-dicarbonyl blocking agent and at least one thermally active 
blocking agent such that the molar ratio of 1,3-dicarbonyl blocking groups to 
thermally active blocking groups in the mixed blocked polyisocyanate is in the range 

20 of from 4: 1 to 1 :99, and an active hydrogen containing compound, 

ii) curing the coating, 

iii) inspecting the articles for defects, and 

iv) recoating defective articles totally or in part. 

25 9. A process according to claim 8 wherein the recoating step involves 

, coating with one or more layers and then overcoating with a coating composition 
comprising an active hydrogen containing compound and a mixed blocked 
polyisocyanate product obtainable by blocking one or more polyisocyanates with at 
least one 1,3-dicarbonyl blocking agent and at least one thermally active blocking 

30 agent such that the molar ratio of 1 ,3-dicarbonyl blocking groups to thermally active 



WO 02/055577 PCT/GB02/00130 

-38- 

blocking groups in the mixed blocked polyisocyanate is in the range of from 4: 1 to 
1 :99, and curing. 

* 

10. A hybrid blocked polyisocyanate having at least one 1 ,3-dicarbonyl 

5 blocking group and at least one thermally active blocking group such that the molar 
ratio of 1,3-dicarbonyl blocking groups to thermally active blocking groups in the 
hybrid blocked polyisocyanate is in the range of from 4:1 to 1:9. 

11. A hybrid blocked polyisocyanate according to claim 1 1 wherein the 1 ,3- 
10 dicarbonyl blocking groups are derived from malonates, acetyl acetone, Meldrum's 

acid and acetoacetic esters. 

12. A hybrid blocked polyisocyanate according to claim 10 or claim 1 1 
wherein the thermally active blocking groups are derived from pyrazoles, imidazoles 

15 and triazoles. 

13. A hybrid blocked polyisocyanate according to any one of claims 10 to ; 

12 wherein one 1,3-dicarbonyl blocking group is diethyl malonate and one thermally 
active blocking group is 3,5-dimethyl pyrazole, 3-tfo-butyl-5-terf-butyl pyrazole, 3- 

20 £yobutyl-5 -methyl pyrazole or 3,5-di-ter/-butyl pyrazole. 

i 
% 

i 

1 4. A hybrid blocked polyisocyanate according to any one of claims 1 0 to 

13 blocked only with one 1,3-dicarbonyl blocking agent and one thermally active 
blocking agent. 

25 

15. Use, process, coating composition or industrial process according to any 
one of claims 1 to 9 wherein the mixed blocked polyisocyanate is a hybrid blocked 
polyisocyanate according to any one of claims 10 to 14. 



30 16. A process which comprises reacting one or more polyisocyanates with a 



J 

« 

WO 02/055577 PCT/GB02/00130 

\ 

-39- 

1,3-dicarbonyl blocking agent and a thermally active blocking agent so as to form a 
hybrid blocked polyisocyanate having a molar ratio of 1,3-dicarbonyl blocking 
groups to thermally active blocking groups in the range of from 4:1 to 1:9. 

5 17. A process according to claim 16 wherein the 1,3-dicarbonyl blocking 

compound is diethyl malonate and the thermally active blocking agent is 
3,5-dimethylpyrazole and the molar ratio of diethyl malonate blocking group to 3,5- 
dimethyl pyrazole 3-iso-butyl-5-terf-butyl pyrazole, 3-tfo-butyl-5-methyl pyrazole or 
3,5-di-terf-butyl pyrazole blocking group in the hybrid blocked polyisocyanate is 1:1. 

18. A process according to claim 16 or claim 17 of producing a hybrid 
blocked polyisocyanate according to any one of claims 11 to 14. 

1 9. Use, process, coating composition or industrial process according to any 
1 5 one of claims 1 to 9 wherein the mixed blocked polyisocyanate is a hybrid blocked 

polyisocyanate produced according to a process according to any one of claims 16 to 
18. 

20. A branched alkyl pyrazole of formula (IV) 

20 

N NH 




25 

wherein R a is alkyl of 1 to 6 carbon atoms and R b is a branched alkyl of 3 to 6 carbon 
atoms. 
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21. A pyrazole selected from: 

3-methyl-5-/.so-propyl pyrazole, 
3-wobutyl-5-methyl pyrazole, 
3-$ec-butyl-5-methyl pyrazole, 
5 3-terNbutyl-5-methyl pyrazole, 

3-ethyl-5-L?0-propyl pyrazole, 
3-wc?-butyl-5-ethyl pyrazole, 
3-sec-butyl-5-ethyl pyrazole, 
3-ter*-butyl-5-ethyl pyrazole, 
10 3-£so-propyl-5-n-propyl pyrazole, 

3-wo-butyl-5-«-propyl pyrazole, 
3-.s£C-butyl-5-7i-propyl pyrazole, 
3-terf-butyl-5-n-propyl pyrazole, 
3-n-butyl-5-tf<?-propyl pyrazole, 
15 3-tfo-butyl-5-n-butyl pyrazole, 

3-/7-butyl-5-sec-butyl pyrazole, 
3-rt-butyl-5-tert-butyl pyrazole, 
3,5-di-wa-propyl pyrazole, 
3-wo-butyl-5-«o-propyl pyrazole, 
20 3-$ec-butyl-5-£so-propyl pyrazole, 

3-ter/-butyl-5-w<?-propyl pyrazole, 
3,5-di-wo-butyl pyrazole, 
3-wc>-butyl-5-sec-butyl pyrazole, 
3wj0-butyl-5-terr-butyl pyrazole, 
25 3,5-di-sec-butyl pyrazole, 

3-jec-butyl-5-ter/-butyl pyrazole and 

■ 

3,5-di-tert-butyl pyrazole. 



30 



22. A blocked polyisocyanate bearing blocking groups derived from a 
branched alley 1 pyrazole according to claim 20 or claim 21 . 
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23. A blocked polyisocyanate according to claim 22 also bearing blocking 
groups derived from a 1,3-dicarbonyl blocking agent. 

24. A composition comprising a blocked polyisocyanate according to any 
5 one of claims 10 to 14, 22 and 23 or produced according to any one of claims 16 to 

■ 

18 and at least one monofunctional or bifunctional compound containing active 
hydrogen. 

25. A composition according to claim 24 which further comprises a 
10 pigment. 

26. A composition according to claim 24 or claim 25 which contains 0.5 to 
2 blocked isocyanate groups per active hydrogen group. 

1 5 27. Use of a blocked polyisocyanate according to any one of claims 10 to 

14, 22 or 23, or produced according to any one of claims 16 to 18 in a clear coating, 
paint, elastomer, adhesive, molding composition or surface treatment. 

28. A process of coating a substrate which comprises depositing onto the 
20 substrate a composition as defined in any one of claims 24 to 26 and then heating the 

deposited composition to crosslink it. 

29. A polymer comprising as a repeating unit the moiety of Formula (El) 

25 
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iff m 

NH 0 0 



C 



10 



wherein the moiety 



O o 

15 4-C-NH-R-NH-C-|- 



20 is derived from a di- or higher isocyanate. 

30. A cured coating comprising a polymer according to claim 29 and free 
pyrazole blocking agent. 

25 31. A cured coating according to claim 30 wherein the free pyrazole 

blocking agent is 3,5-dimethyl pyrazole, 3-*o-butyl-5-tert-butyl pyrazole, 3-iso- 
butyl-5-methyl pyrazole or 3,5-di-ferf-butyl pyrazole. 



32. A polymer according to claim 20 obtainable by thermally unblocking 
30 and curing a coating composition comprising a hybrid blocked polyisocyanate 



WO 02/055577 



PCT/GB02/00130 



\ 



-43- 

according to any one of claims 10 to 14, 22 or 23 or produced according to any one 
of claims 16 to 18 and bearing a pyrazole blocking group. 



33 . A polymer according to claim 32 comprising a free pyrazole selected 
5 from 3,5-dimethyl pyrazole, 3-tfo-butyl-5-tert-butyl pyrazole, 3-tfo-butyl-5-methyl 
pyrazole and 3, 5-di-tert-butyl pyrazole. 
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